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(54) An Antenna Receive Calibration Arrangement 



(57) A base station comprises a masthead antenna array and amplifiers connected by cable to a control unit 
linking the BS to the PSTN.A noise meter 30 is selectively coupled between a reference amplifier 35 and a 
noise signal received from the front end RX amplifier 36. Signal generator 37 inputs a signal to amplifier 36 to 
simulate a received signal and the amplifier noise is transmitted through the cable to the switch 32a. Signal 
losses attributable to the cable link can accordingly be determined and compensated by adjusting the 
amplifier gain. 



Rg. 3 




Q 

CD 

ro 

CO 



00 



Fig. 1 



H 



Antenna Array 
3T 



Diplexer 



Transmit 
Amplifier 



Low 
Noise 
Amplifier 



From 
Base Station 



v 

To 

Base Station 



J 



Antenna 
Array 
12- 



w w 



20 



-w 



Fig. 2 



22 



14. 



Additional 
Single Carrie^ 
Amplifiers 



Elevation Beamformer 



Tx/Rx Diplexer 
* 




From Base Station 



V- 18 



To 
Base 
Station 



i 




Fig. 3 





39 


38 











-1 - 

WAYLETT 2 GB 
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An Antenna Receive Calibration Arrangement 

This invention relates to a base station arrangement, for use in a radio 
communications system and, in particular, relates to an antenna receiver 
and a calibration arrangement therefor. 

Radio systems are in use throughout the world transmitting 
telecommunications signals to radio receivers In order to meet the 
capacity demand, within the available frequency band allocation, radio 
operators divide a geographic area to be covered into cells. At the centre 
of each cell is a transmitter or base station, which broadcasts a signal. 
The available operating frequencies are divided between the cells such 
that the same group of operating frequencies are not reused by adjacent 
cells, in order that co-channel interference is maintained at a tolerable 
level. 

When a new radio system is initially deployed, operators are often 
interested in maximising the downlink range (base station broadcast 
range). Any increase in range means that fewer cells are required to 
cover a given geographic area, hence reducing the number of base 
stations and associated infrastructure costs. The antenna used at the 
radio base station site can potentially make significant improvements to 
the range and capacity of a radio system. Associated with this 
requirement is the need to ensure that received signals are processed 
with the least amount of distortion and loss. At the masthead, signals 
from the antenna pass through a filter and a diplexer and then through 
cabling to receive electronics, where the signal is amplified. Some 
antennas have associated receive amplifiers which boost the signal prior 
to further signal degadation on passing through the cabling as the 



signals are transmitted to a base station electronics unit. At this point the 
received signal is ideally above a particular level. 

,n the cases where receive ampliliers are situated adjacent to the 
antennas, the amount of gain needs to be accurately deterrmned. The 
»cX signal strength Is normally measured by measurement at he ,me 
"TnsTa.lation in order to guarantee a receive level as the srgna, comes 
pan way through the base station arrangement. There ,s a ga,n vanauon 
AG^aUhe low noise amplifier and there is a loss At through the 
Further losses arise due to the cabling, with variations in temperature and 
a"so variations which occur from one batch to another ,n respect of 
equipment employed. Losses due to frequency variation, are^owever^ 
negligible, in relation to variation in cable length, wruch can be a large 
"adabie. The length variable arises from the position of 
Test which can typically be 10 metres to 100 metres in he,ght Base 
on ontrol elecTron.cs are normally situated a, the bottom of the mas 
since that is nomally convenient, but it may be 20 metres away to. 
ZZ e by a convenient power source or for protection against vanda£ 
ThTse variables amount to some 20dB or so. Such losses need not be 
Sered in relation to the transmit path since there . a 
feedback link which keeps the output constant w,«h power de ecu™ 
couplings at the antenna and they then feed back a s,gnal dually down 
to the base station. 

For a specific installation the variables o. temperature 
length can be taken into account by specific circuitry, but batch to batch 
variations at the antenna cannot be taken into account. s.nce these 
var X are outside the dynamic range of me base station. These have 

"o be monitored o" an and are ,ak6n ,nl0 ,rT 2 

nstallaln. In practice a variable gain block is provided which a ows the 
Sve signal to be adjusted to a certain level which is consent wth 
he amount of loss associated w*h the system. In some systems a no.se 
sou-e°s placed up the masthead and the system is charactensed wrth 
reTence uTthis source. Furthermore, any method using/incorporat.ng a 
"nee evel a. the masthead is susceptibfc to further problems m 
™m Za equipment which consumes electricity, generates hea, and w, I 
aTso reduce me reliability potential since it exists as an extra component 
The Sna) source needs to be very stable (to w«hin of accuracy) 
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over a wide temperature range (minus 40° to plus 80°C), tends to be 
expensive and is typically only used once. 

It is an object of the invention to provide a less expensive and more 
accurate apparatus for, and method of, performing calibration of an 
antenna installation. 

In accordance with the present invention, there is provided a base station 
arrangement comprising an antenna with adjacently located amplifiers, 
wherein the noise of an amplifier on one channel can be monitored as a 
signal source and compared with a reference value, whereby signal loss 
associated with the arrangement can be compensated. The channel 
may, for instance, be a dedicated signal channel frequency or a particular 
time slot in a TDM channel 

Preferably the amplifier is a low noise amplifier. Amplifiers generate 
noise whether amplifying or operating in a standby mode; i.e. the level of 
noise present is always above zero. Since noise level is always present 
such noise can be monitored on a spare channel in the base station 
controller. At the time of calibration a spare channel must be made 
available so that there is no interference. 

In accordance with another aspect of the invention, there is provided a 
method of calibrating the receive electronics of a base station 
arrangement, wherein the arrangement comprises an antenna with an 
adjacently located receive amplifier and remotely located electronic 
control means; the method comprising the steps of: 



i) generating a signal and feeding said signal to the receive t 
amplifier ; 

ii) generating noise in the amplifier operating on said signal; 

iii) transmitting the noise to the electronic control means; 

iv) determining at the electronic control means the amount of 
noise after transmission from the low noise amplifier; 

v) comparing the noise level with a reference level, and; 

vi) adjusting the receive gain to compensate for Signal loss due to 



the installation. 
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Embodiments of the invention will now be described with reference to the 
accompanying drawings, in which: 

Fig. 1 is a block diagram of the main elements of the masthead, 

Fig. 2 is a detailed diagram of a masthead configuration. 

Fig. 3 is a block diagram of the main elements of an 

embodiment according to the invention. 

The main elements of a preferred antenna arrangement, as shown in Fig. 
1 comprise a mast, tower or building 10 supporting an antenna array 12 
and associated antenna electronics, which includes a diplexer 14, 
transmit amplifiers 16 and low noise receive amplifiers 18. The amplifiers 
are connected via feeder cables to a base station electronic control 
means which links the cellular radio system with, for example, a publ.c 
wired telecommunication service. 

The detailed constituents of the antenna are shown in Fig. 2. The 
antenna array 12 comprises a conventional array of individual antenna 
elements 20 arranged in rows and columns. Each column of elements is 
energised via an elevation beamforming network 22. Each elevation 
beamforming network combines the elements of a column to a single 
feed point. The amplitude and phase relationships of the r.f. signals 
coupled to the elevation beamformer determine the elevation beam 
pattern of the antenna for both transmit and receive. 

The transmit and receive signals for the antenna array are coupled to the 
elevation beamformer via a diplexer 14. Filters that cover just the 
transmit or receive frequency bands respectively can be used for this 
purpose. In the transmit path the diplexer 14 is fed from the transmit 
amplifier 16. The low noise amplifier is required to amplify the weak 
received r.f. signals prior to any system losses to establish a low no.se 
figure (high sensitivity) in the subsequent receive path. Whilst the low 
noise amplifiers produce reduced noise levels, noise will still be present: 
this noise is employed as an indicator of the attenuation over the receive 
path from the antenna to the control electronics - a signal is generated 
and fed into the receive amplifier, the operation of the amplifier 
generating noise, which noise is sampled and transmitted through the 
receive path to the control electronics. Thus, the inherent noise figure 
generated by the amplifier, is employed in calibrating the receive gain to 
overcome system losses. The noise level is a characteristic of a 
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particular configuration; when it is receiving no signal then the 
background noise of the amplifier is the thermal noise within the 
electronics. 

The noise figure (NF) is determined as folows: 
Where:. 

OSN = output signal noise 
ISN ■ input signal noise. 

Since a noise level is always present, this noise level can be monitored 
on a spare channel (a channel which is not carrying a signal, which 
would affect the noise figure reading). However, this operation is carried 
out infrequently, for example upon installation or after repair, and the 
requirement for a spare channel is not a problem. It is to be assumed 
that, upon installation, there are no active channels: it is expedient, 
however to determine that this is indeed the case - interference could 
arise from sources other than radios operating within the vicinity. 
Moreover, the ease of testing the noise figure could be employed as a 
routine check to ensure that, should a system's performance reduce, then 
appropriate remedial action may take place prior to complete failure. 

The principle of operation is as follows: a spare channel is selected, a 
signal is generated and fed to a receive amplifier - this signal simulates a 
'normal' received signal, the noise figure generated by the receive 
amplifier is determined and the gain of the amplifier is adjusted to 
compensate for losses due to the installation. The channel referred to in 
this instance may. for example, be a signal channel frequency or a 
particular time slot in a TDM channel. In a TDM arrangement, each TDM 
channel may have its own amplifier. The noise figure is preferably 
measured by means of a spectrum analyser. The noise generated can 
be compared with known data, or an additional low noise amplifier could 
be connected to a second input of the spectrum analyser. The level of 
noise should be low in order that the noise determined is principally due 
to thermal noise. It is preferable that the amplifier has a very low noise 
level. 
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Referring now to figure 3, a noise figure meter 30 is selectively coupled 
via switching means 32a.b and a filter 33 of a noise reference switch unit 
34 between a reference amplifier 35 and a signal received from the front 
end receive amplifier 36. The front end receive amplifier is input a signal 
by signal generating means 37 to simulate a receive signal and the no.se 
signal generated is transmitted through cabling to a splitter 38 associated 
with the control means 39. The power loss attributable to the cabling up 
to the masthead can accordingly be determined and the loss due to the 
cabling can be compensated by appropriate adjustment of the gain of the 
receive amplifier. One advantage of the system is that the base station 
can in the longer term, periodically scan around its available channels to 
find a spare one and it can then characterise the system and adjust the 
receive gain as appropriate. The noise figure meter could be replaced 
with a spectrum analyser; the reference amplifier could replaced with 
reference data. The base transceiver station, BTS. could have a feedback 
loop to control the operation. 

It is to be noted that signals will also be picked-up from external noise 
sources which can make measurement difficult, but such noise sources 
are typically monochromatic i.e. there would be lines appear.ng at 
particular frequencies so that these signals could be taken into account 
and the noise level can be determined. Typically spectrum analysers 
have an automatic digital signal processing facilities function whereby an 
average over a band of frequencies is obtained for the noise level. 
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CLAIMS 

1. . A base station arrangement comprising an antenna with 
adjacently located amplifiers, wherein the noise of an amplifier on one 
channel is capable of being monitored as a signal source and compared 
with a reference value, whereby to compensate for signal loss associated 
with the arrangement. 

2. An arrangement according to claim 1 wherein the amplifier is a 
low noise amplifier. 

3. An arrangement according to claim 1 or 2 wherein the noise figure 
is measured by means of a spectrum analyser. 

4. An arrangement according to any one of claims 1 to 3 wherein 
the noise generated is compared with reference data. 

5. An arrangement according to any one of claims 1 to 3 wherein 
the noise generated is compared with the noise generated by an 
additional low noise amplifier which is connected to a second input of the 
spectrum analyser. 

6. A method of calibrating the receive electronics of a base station 
arrangement, wherein the arrangement comprises an antenna with an 
adjacently located receive amplifier and remotely located electronic 
control means; the method comprising the steps of: 

i) generating a signal and feeding said signal to the receive 
amplifier ; 

ii) generating noise in the amplifier operating on said signal; 

iii) transmitting the noise to the electronic control means; 

iv) determining -at the electronic control means the amount of 
noise after transmission from the low noise amplifier; 

v) comparing the noise level with a reference level, and; 

vi) adjusting the receive gain to compensate for signal loss due to 
the installation. 

7. A method according to claim 8 wherein the reference level is 
generated by a further amplifier positioned local to the control means. 
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8 A base station arrangement substantially as described herein 
with reference to any one or more Figures of the accompanying draw** 
sheets. 

9 A method of calibrating a base station arrangement 
substantially as described herein with reference to any one or more 
Figures of the accompanying drawing sheets. 
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